BIOCHEMICAL SOCIETY TRANSACTIONS
duced by evaporating the chloroform, using nitrogen, and residual chloroform was removed under vacuum. Then radiolabelled solute, either ['Hlinulin or [ 14C] glucose, in Tris buffer (10 mM, pH 7.4, containing 150 mM-sodium chloride) was added to the lipid film. The solution was saturated with nitrogen, the vessel sealed, and then vortexed vigorously for 10 min above the phase-transition temperatures of the lipids. The resultant cloudy solution was then sonicated for 45 min (37°C to 45°C) using a bath-type sonicator (Laboratory Supplies, Hicksville, NJ, U.S.A.). This resulted in the production of a clear solution containing single unilamellar vesicles
The liposome preparation was then transferred to a quartz cuvette (pathlength 1 cm), saturated with nitrogen and the vessel sealed. The liposomes (except those composed of DMPC alone) were polymerized (15 min, 37"C, 90 W), using a Hanovia I1 U.V. light source situated adjacent to the cuvette. Polymerization under these conditions was confirmed by recording the decrease in absorption at 260 nm of liposome preparations exposed to the U.V. light source for different time periods.
The SUVs were allowed to anneal overnight at room temperature in the dark. To remove non-entrapped radiolabel, the liposomes were passed down a column or Sepharose CL4B for [14C]glucose-and [3H]inulincontaining liposomes, respectively) at room temperature, using the Tris buffer (described above) as eluant. Fractions were collected, and the amount of radioactivity in 50 pl portions of each fraction was determined to detect the liposomecontaining fractions (which were then pooled).
In order to quantify the release of radiolabel from the liposomes, portions of the pooled fractions were dialysed at 37°C or room temperature against Tris buffer or cell-culture medium (Medium RPM1, Gibco; plus fetal calf serum, heatinactivated, lo%, Flow Laboratories Ltd.). At the start of dialysis and at time intervals up to 120 h, duplicate portions were removed from the dialysis bag and their content of radioactivity was determined. It was thus possible to calculate the percentage of radiolabel retained in the liposomes, the value at the start of the dialysis being designated 100%.
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On incubation at 37"C, little ['Hlinulin (up to 33%) was lost from polymerized liposomes composed of either dienoyl-lecithin alone or mixtures of dienoyl-lecithin and DMPC ( l : l , 1:3, 1:9, w/w) over a long period (120 h). DMPC liposomes lost entrapped ['Hlinulin more rapidly (up to 80% over 120 h). Similar results were found for liposomes with [3H]glucose entrapped in the aqueous phase. At 20"C, the release of ['Hlinulin from the liposomes was similar to that measured at 3 7 T , with the significant exception that loss was very rapid from DMPC vesicles, so that by 120 h virtually none remained. This result is explained by the proximity of the incubation temperature to the phase-transition temperature of DMPC (24°C). The presence of cell-culture medium had no discernible effect on the stability of the liposomes over a 24 h dialysis period at 37°C. Under the incubation conditions described, polymerized dienoyl-lecithin liposomes, unlike DMPC SUVs, are stable. Furthermore polymerized mixed-lipid liposomes (dienoyllecithin/DMPC) are as stable as 100% dienoyl-lecithin polymerized liposomes, even when the dienoyl-lecithin/DMPC ratio is only 1:9. This observation is difficult to explain if the two are phase-separated and it is concluded that these mixed-lipid vesicles are phase-mixed. Results of preliminary monolayer experiments, showing kinetics for phospholipaseinduced hydrolysis of DMPC in both polymerized and unpolymerized mixed monolayers (DMPC/dienoyl-lecithin, various ratios), are compatible with this conclusion. Transglutaminases are calcium-dependent acyltransferases involved in the post-translational modification of proteins, either through the incorporation of primary amines (such as polyamines) into peptide-bound glutamine residues, or through the cross-linking of proteins via E-( y-glutamy1)-lysine bridges when the amine is peptide-bound lysine (Folk & Finlayson, 1977) .
The most widespread member of this group, the tissue transglutaminase, is also the least understood; however, there is now accumulating evidence to suggest its importance may lie in the mediation of a number of calcium-regulated cytoskeletal processes important to cell membrane functions (Davies et al., 1980; Loewy & Matacic, 1981; Bungay et al., 1986; Owen et al., 1988) .
Of importance to the following work is the observation that neoplastic tissues show reduced transglutaminase activity when compared with their normal counterparts (Birckbichler et al., 1977; Barnes et al., 1984) . More recent studies have also indicated that a further reduction in transglutaminase activity in the primary tumour may be important for the phenotypic characteristics associated with tumour progression and metastases (Barnes et al., 1985; Delcros et al., 1986; Hand et al., 1987) .
In order to confirm this important observation, we have ,measured transglutaminase activity in a number of cell lines, derived from the metastases of a herpes simplex virus-2-induced hamster fibrosarcoma. Each cell line, although originating from the same parent tumour, shows a number of distinct characteristics, one of which is differing metastatic potential (Teale & Rees, 1987) .
Transglutaminase activity was measured both in cells derived from cell culture, and in tissue derived from the growing tumour after subcutaneous injection of cells ( lo4) into Syrian hamsters. Cells were cultured in minimum essential medium supplemented with amino acids, vitamins and foetal calf serum. Confluent cells were harvested by scraping, washed three times in homogenizing buffer (0.25 M-sucrose, 2 mM-EDTA, 1 mM-dithiothreitol, 5 mM-Tris/HCI pH 7.4 containing 5 mwbenzamidine and 1 mM-phenylmethanesulphonyl fluoride) and then broken by sonication (6 x 10s at 629th MEETING, LONDON 6 p ) in the same buffer. The resulting homogenate was assayed for transglutaminase activity as previously described (Bungay et al., 1986) . Tumours were harvested at 24 and 34 days after inoculation and the non-necrotic tumour tissue was homogenized by a Potter-Elvehjem in the same buffer used for cell cultures. Transglutaminase activity was then measured in the resulting homogenate. Levels of transglutaminase activity found in the cell cultures (Fig. l ) indicated that for the parent tumour, and the two metastatic variants MET B and MET D, an indirect relationship existed between metastatic potential and levels of transglutaminase activity. However, this relationship did not hold for the highly metastatic variant MET F which showed comparable transglutaminase activity with the parent tumour. Since both transglutaminase activity and the propensity of a tumour to metastasize may be influenced by the external pressures exerted by the host animal, transglutaminase activity was also measured in tumours derived from cells of the original parent tumour, and in tumours derived from the highly metastatic variants MET B and MET F. Interestingly, levels of transglutaminase activity found in the parent tumour and in the tumour derived from the metastatic variant MET B were found to be significantly (P<0.05) higher than the levels found in cell culture, an observation we are unable to explain at the present time. However, when grown in an environment influenced by the host animal, the highly metastatic MET F tumour contained comparable transglutaminase activity to that of the highly metastatic MET B variant, with both tumours containing significantly ( P < 0.05) lower activity than the less metastatic parent tumour. Furthermore, during tumour growth a further significant reduction ( I ) < 0.05) in transglutaminase activity occurred in the two highly metastatic variants but not in the less metastatic parent.
Our data, using metastatic variants of a hamster fibrosarcoma growing both in cell culture and in the host animal, therefore confirm and extend earlier observations indicating that the propensity of a tumour to metastasize can be indirectly related to the levels of transglutaminase activity that it contains.
